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The advantages of ultrasound (US) are well known. It is particularly good at showing the anatomy of soft tissue, which is precisely where radiographs are poor. In examining the knee, the following structures may be assessed: the semimembranosus-gastrocnemius bursa; the suprapatellar bursa; muscles and tendons; the collateral ligaments; meniscal, ganglial and synovial cysts; and the articular cartilage. The indications, techniques and conditions that may be diagnosed with US of the knee are described.
METHODS
The painful and/or swollen leg is often first investigated with US; so the ultrasonographer must know the various diseases which may present with such symptoms and take a brief accurate history from the patient. High resolution linear array probes (5 to 7.5 MHz) are best, the choice depending on the structure being examined. "Stand-off" pads help by giving an overall picture of the anatomy. The pressure of the transducer on the skin may localize sites of pain. A foot switch is useful.
SEMIMEMBRANOSUS-GASTROCNEMIUS BURSA (SGB)
US as a means of diagnosing an enlarged SGB or Baker's cyst was first reported in 1972 (1) and is widely used for this. Technique: 5 MHz probe (eg Acuson 558). The popliteal artery and vein are identified on axial and longitudinal section. Venous thrombus will be echogenic and will not compress. The bursa lies medial to the vessels between the tendons of semimembranosus medially and the medial head of gastrocnemius laterally and will be easily visible only if it is distended ie it is a Baker's cyst.
Findings: the appearance are those of an encysted fluid collection, larger in longitudinal section, with a prominent 'beak' pointing towards the joint. The unruptured cyst, if it is tense, may be associated rarely with thrombus in the subjacent popliteal vein ( Fig. 1) ; but it is the ruptured cyst that may mimic deep vein thrombosis. Hence it is important to look for the sometimes subtle changes that indicate cyst rupture; a crescent of fluid ( Fig. 2) , which is the remnant of the collapsed Baker's cyst in the usual anatomic location of the bursa, and fluid tracking along the muscle planes. These patients will invariably have an effusion in the superpatellar bursa, and detecting this should be done first as it gives an immediate clue to the diagnosis (v.i.). Ossicles within a Baker's cyst have the typical echogenicity of bone. Pannus, which is hyperechoic to the adjacent fluid, occurs in rheumatoid arthritis; and osteoarthritic knees often have echogenic osteocartilagnous debris. Use of Doppler signals distinguishes between aneurysm of the popliteal artery and Baker's cyst. Haematomas also cause a hypoechoic lesion and swelling in the calf, but history and intramuscular location should differentiate these. 
SUPRAPATELLAR BURSA (SPB)
Technique: the bursa is shown by longitudinal scans superior to the knee. which is flexed at 30 degrees. Scans to the side of the distal femur detect fluid that has collected in the recesses posteriorly. Compression distinguishes between fluid and synovial thickening or tumour. Findings: the bursa has hypoechoic walls and lies between the tendon of quadriceps femoris and the prefemoral fat. Van Holsbeeck et al. (2) have shown the width of the normal SPB to be 2.4 +/-0.5mm. Fluid in an effusion will also be hypoechoic ( Fig. 3 ) but compression will remove it and enable measurement of the synovial thickness. Rarely tumours of the synovium may be detected in the SPB (Fig. 4 ). (3) us is the best test for examining the patellar tendon because of its accuracy and because a diagnosis is obtained within minutes. Young athletes who extend the knee frequently eg footballers, runners and basketball players may develop patellar tendonitis or "jumper's knee" which presents with localized subpatellar pain and swelling.
PATELLA TENDON
Techique: the knee is flexed (about 30 degrees) in order to straighten the patellar tendon and avoid producing hypoechogenicity from beam obliquity. Longitudinal scans are performed with a 5 or 7.5 MHz probe large enough to include lower pole of patella and the tibial attachment (apophysis).
Findings: The normal tendon is a 4 to 5mm thick linear echogenic structure between the inferior pole of patella and the tibial tuberosity ( Fig. 5 ). Posteriorly, it is related to the infrapatellar fat pad and the deep infrapatellar or pretibial bursa (which may sometimes have an effusion). The inflamed tendon is swollen and hypoechoic ( Fig. 5 ). Calcification develops if chronically inflamed.
MEDIAL COllATERAL UGAMENT (MCL)
Examination of the MCL with ultrasound is effective because it is relatively easy to show that the ligament has been damaged and because it may not be appreciated as the cause of a patient's symptoms. The ligament has deep and superficial parts. The latter is a 10cm long, strong triangular band arising from a point immediately below the aductor tubercle and inserting into the medial surface of the shaft of the tibia.
The main indication for scanning is a suspected partial tear of the medial collateral ligament which presents with localised pain, tenderness and swelling, typically immediately distal to the proximal attachement of the ligament.
Technique: the knee is slightly flexed and the patient rotated onto the side under examination. The ligament is identified by scanning on the medial side of the joint. 7.5 MHz is better than 5 MHz. Stand off may be helpful. Longitudinal views are diagnostic; transverse views are not usually essential.
Findings: a hypoechoic fat plane separates deep from superficial parts of the ligament, the latter forming a distinct echogenic line. A tear is hypoechoic and interrupts the superficial part of the ligament (Fig. 6) . Chronic pain is associated with tender areas of calcification which can be injected using ultrasound guidance (4). 
MENISCI AND MENISCAL CYSTS
Although it is possible to detect tears of the posterior horns of the menisci, both arthrography and MRI are more reliable and, therefore, are the preferred tests.
Meniscal cysts are typically found at the joint margins, are more prominent in extension than in flexion and produce dull pain worse after exertion. They are always associated with a meniscal tear (5) which must be dealt with if the meniscal cyst is not to recur. Techique: 7.5 MHz sector scan is ideal, but 5 to 7.5 MHz linear probes may also be used.
Findings: the intact meniscus is homogeneously hyperechoic and triangular in shape, but it is difficult to examine the entire meniscus. Meniscal cysts are hypoechoic lesions usually to the side of the knee and in direct continuity with the horizontally torn meniscus. Septa are common and the material within may be echogenic ( Fig. 7 ) (6).
GANGLIAL AND SYNOVIAL CYSTS
These cysts present with a localized swelling, sometimes hard enough to mimic a solid tumour. Ultrasound, by demonstrating the cystic nature of the mass, can give immediate reassurance to the patient and clinicians that the lesion is a benign one.
Generally, meniscal cysts can be diagnosed from their location close to the meniscus of origin. Most ganglial cysts occur within the ligament or tendon, are often separated and have well-defined margins; they will usually not be directly related to a meniscus.
Synovial cysts are uncommon in the population not suffering from rheumatoid arthritis. However, they are occasional causes of swelling on the lateral aspect of the proximal tibiofibular joint. It is usually possible to demonstrate a communication between the cyst and the joint (Fig. 8 ).
ARTICULAR CARTILAGE (7)
Indications: this is not a clinical use for US. Technique: the knee is maximally flexed to show the weight-bearing articular cartilage. Cartilage is a hypoechoic tissue lining bone with well-defined margins, the cartilage/bone interface returning more echoes than the synovium/cartilage interface. Normal cartilage on the femoral condyles in 7 volunteers having an average age of 31 (25-37) ranged from 0.6 to 2.7mm and the cartilage had sharp margins. Areas of cartilage loss can be seen quite readily, reproducibly and accurately, and the margins of abnormal cartilage have diminished sharpness.
THE ROLE OF US
Although Magnetic Resonance Imaging (MRI) is becoming more generally available, US remains the investigation of choice for suspected partial tears of the medial collateral ligament, especially as it may detect minute inflammatory calcification (which MRI cannot) and which can be injected; and for diagnosing patellar tendonitis.
Also US should be used as the first investigation for swellings around the knee. Benign lesions and tumours can be diagnosed with certainty in many cases removing the need for further imaging; and malignant tumours or suspicious masses can be selected for MRI or Computed Tomography (CT). In this way, valuable time can be saved in MRI and CT for imaging other patients.
